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(57) ABSTRACT

A speech segment determination device includes a frame
division portion, a power spectrum calculation portion, a
power spectrum operation portion, a spectral entropy calcu-
lation portion and a determination portion. The frame divi-
sion portion divides an input signal in units of frames. The
power spectrum calculation portion calculates, using an
analysis length, a power spectrum of the input signal for each
of the frames that have been divided. The power spectrum
operation portion adds a value of the calculated power spec-
trum to a value of power spectrum in each of frequency bins.
The spectral entropy calculation portion calculates spectral
entropy using the power spectrum whose value has been
increased. The determination portion determines, based on a
value of the spectral entropy, whether the input signal is a
signal in a speech segment.
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1
SPEECH SEGMENT DETERMINATION
DEVICE, AND STORAGE MEDIUM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technology that deter-
mines a speech segment included in an input signal.

2. Description of Related Art

Inrelated art, in order to determine whether or not a speech
signal is included in an input signal, the power of the signal is
mainly used to determine a speech segment. The power of the
signal is the time average of the square of the amplitude of the
signal. However, when the level of the signal itself varies, it is
difficult to accurately determine the speech segment based on
the power of the signal. The level of the signal indicates the
scale of the signal.

To address this, a method for determining a speech segment
using spectral entropy that can be obtained based on an input
signal is disclosed in the following document: J. Shen, J.
Hung, and L. Lee, “Robust entropy-based endpoint detection
for speech recognition in noisy environments”, ICSLP-98,
1998.

However, when non-stationary noise, in which a power
spectrum of a noise component varies with time, is included
in the input signal, it is difficult to accurately determine the
speech segment in real time.

SUMMARY OF THE INVENTION

The present invention provides a speech segment determi-
nation device, a speech segment determination method and a
program that are capable of accurately determining a speech
segment in real time even when non-stationary noise is
included in an input signal.

A speech segment determination device according to the
present invention includes a frame division portion, a power
operation portion, a spectrum entropy calculation portion and
a determination portion. The frame division portion divides
an input signal in units of frames. The power operation por-
tion increases power of the input signal for each ofthe frames.
The spectral entropy calculation portion calculates spectral
entropy using the input signal whose power has been
increased. The determination portion determines whether the
input signal is a signal in a speech segment, based on a value
of the spectral entropy calculated by the spectral entropy
calculation portion.

Further, a speech segment determination device according
to the present invention includes a frame division portion, a
power spectrum calculation portion, a power spectrum opera-
tion portion, a spectral entropy calculation portion and a
determination portion. The frame division portion divides an
input signal in units of frames. The power spectrum calcula-
tion portion calculates a power spectrum of each of an analy-
sis length for each of the frames. The power spectrum opera-
tion portion increases a value of the power spectrum. The
spectral entropy calculation portion calculates spectral
entropy using the power spectrum whose value has been
increased. The determination portion determines whether the
input signal is a signal in a speech segment, based on a value
of the spectral entropy calculated by the spectral entropy
calculation portion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a graph showing a p,, relationship that indicates a
presence probability of power before an operation on a spec-
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2

tral entropy value, illustrating an overview of a speech seg-
ment determination method according to an embodiment;

FIG. 2 is a graph showing a p,, relationship that indicates a
presence probability of power after the operation on the spec-
tral entropy value, illustrating the overview of the speech
segment determination method according to the embodiment;

FIG. 3 is a block diagram showing a functional configura-
tion of a speech segment determination device according to
the embodiment;

FIG. 4 is a flowchart showing a processing procedure of the
speech segment determination method according to the
embodiment;

FIG. 5 is a wave form chart showing a speech signal, an
input signal, and a signal after a spectrum operation, accord-
ing to the embodiment;

FIG. 6 is a graph showing a change in the presence prob-
ability before and after the spectrum operation in a non-
speech segment according to the embodiment;

FIG. 7 is a graph showing a change in the presence prob-
ability before and after the spectrum operation in a speech
segment according to the embodiment; and

FIG. 8 is a graph showing spectral entropy values before
and after the spectrum operation according to the embodi-
ment.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
explained in detail with reference to the appended drawings.

Note that, in this specification and the appended drawings,
structural elements that have substantially the same function
and structure are denoted with the same reference numerals,
and repeated explanation of these structural elements is omit-
ted.

1. Overview

Generally, a method that uses spectral entropy of an input
signal is proposed as a method for determining a segment (a
speech segment) including a speech signal. The spectral
entropy is defined as entropy obtained from a certain prob-
ability distribution. The probability distribution corresponds
to a power spectrum distribution in each frequency of an input
signal in a predetermined segment. The spectral entropy is a
feature quantity indicating uniformity of the input signal. The
uniform input signal indicates that the spectral distribution of
the input signal is uniform. When the distribution (probability
distribution) of the power spectrum is uniform, namely, when
the input signal is white noise, the spectral entropy has a high
value. On the other hand, when the probability distribution is
not uniform (varies widely), namely, when the input signal is
colored noise, the spectral entropy has a low value. The col-
ored noise is noise in which the power spectrum distribution
is not uniform. It can be said that the speech signal is a type of
the colored noise. Therefore, the probability distribution of
the speech signal is not uniform and the spectral entropy has
alow value. This property can be used to determine the speech
segment.

A speech segment determination method that uses the
spectral entropy has an advantage in that this method is robust
against signal level fluctuation, as compared to a case in
which signal power is used. Since the spectral entropy is a
normalized value, even if the signal level varies, the spectral
entropy does not vary unless the power spectrum distribution
changes. Note that the power spectrum distribution is, for
example, a distribution such as that shown in FIG. 1 or FIG. 2.
When the signal level changes, in the above-described speech
segment determination method that uses the signal power, a
threshold value for the signal power that is used to distinguish
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between the speech signal and noise is set again. On the other
hand, in the speech segment determination method that uses
the spectral entropy, even if the signal level varies, the value
of'the spectral entropy is stable. Therefore, a threshold value
for the spectral entropy that is used to determine the speech
segment is not set again.

As described above, the value of the spectral entropy of the
white noise differs significantly from that of the speech sig-
nal. Therefore, even when the white noise is included in the
input signal, it is possible to accurately determine the speech
segment based on the spectral entropy. However, the spectral
entropy values of the colored noise and the speech signal are
both low. Therefore, when the colored noise is included in the
input signal, there is only a small difference between the
spectral entropy value in the speech segment and the spectral
entropy value in a non-speech segment, and determination
accuracy deteriorates. To address this, a method for accu-
rately determining the speech segment is required also for the
input signal including the colored noise.

With respect to the input signal that includes stationary
colored noise in which the power spectrum does not change
with time, it is possible to improve accuracy of the speech
segment determination by estimating the power spectrum of
the stationary colored noise and by removing an influence
caused by the colored noise being included in the input signal.
A method for smoothing the power spectrum of a noise com-
ponent is described in the following document: P. Renevey
and A. Drygajlo, “Entropy based voice activity detection in
very noisy conditions”, Eurospeech 2001, 2001. In this
method, the power spectrum of the stationary noise is esti-
mated in advance and the power spectrum of the input signal
is divided by the estimated power spectrum of the stationary
noise, thereby smoothing the power spectrum of the noise
component. When the estimated power spectrum of the sta-
tionary noise matches an actual noise power spectrum, the
power spectrum values are all “1” as a result of the aforemen-
tioned division. By performing the above processing, the
value of the spectral entropy in a segment including the sta-
tionary colored noise becomes higher as compared to the
spectral entropy value in the speech segment. As a result, a
difference between the spectral entropy value in the speech
segment and the spectral entropy value in the segment includ-
ing the stationary colored noise becomes larger, and the accu-
racy of the speech segment determination is thus improved.

With respect to the input signal that includes non-station-
ary colored noise in which the power spectrum changes with
time, it is possible to improve accuracy of the speech segment
determination by using an identifier that has undergone learn-
ing in advance. US patent application publication No. 2009/
0254341 discloses a method for determining a speech seg-
ment using a feature vector, which utilizes information of the
power spectrum and the spectral entropy for a target frame
and several frames before and after the target frame. This
method uses features of the frames before and after the target
frame. Therefore, it takes time to perform speech segment
determination processing and real time processing cannot be
performed. Further, the identifier needs to undergo learning in
advance, and a memory for storing learning data is also nec-
essary.

To address this, the present application discloses a device
and a method that are capable of improving accuracy of
speech segment determination for both an input signal includ-
ing stationary noise and an input signal including non-sta-
tionary noise. This method can perform real time processing.

Here, an overview of speech segment determination
according to an embodiment will be explained with reference
to FIG. 1 and FIG. 2. In graphs shown in FIG. 1 and FIG. 2, the
vertical axis indicates a presence probability of a power spec-
trum and the horizontal axis indicates frequency bin numbers
(k=1 to 8). The graphs shown in FIG. 1 and FIG. 2 are
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obtained by graphing data in Table 1 and Table 2, which will
be described later, and the graphs represent a transition of the
presence probability of speech and noise in each frequency
bin (k=1 to 8). As described above, among various types of
noise, the white noise has a high spectral entropy value.
Further, there is a large difference between the spectral
entropy of the white noise and the spectral entropy of the
speech signal. Therefore, it is possible to accurately deter-
mine the speech segment based on the values of the spectral
entropy of the input signal. On the other hand, when the
colored noise having a spectral entropy similar to that of the
speech signal is included in the input signal, it is difficult to
distinguish between the speech signal and the colored noise
based on the spectral entropy. Therefore, in the embodiment,
the value of the spectral entropy of the colored noise is
increased by operating the power spectrum. By operating the
power spectrum, the value of the spectral entropy of the
colored noise becomes larger than the threshold value used to
determine the speech segment. At this time, if the value of the
spectral entropy of the speech signal on which the same
operation is performed becomes equal to or smaller than the
threshold value used to determine the speech segment, it is
possible to improve the accuracy of the speech segment deter-
mination.

Here, for the sake of convenience, let us consider the
speech signal and the colored noise for which the values of
spectral entropy H are the same. Note that values described in
the explanation below are values that are used to simplify the
explanation. k described in Table 1 represents a frequency bin
and it can take an integer from 1 to 8. s, described in Table 1
represents a k-th power spectrum. The spectral entropy H is
expressed by Expression 1, which is a function of a presence
probability p, of the power in each frequency bin. Here, M is
a lower limit of a frequency range and N is an upper limit of
the frequency range. Here, it is preferable that the spectral
entropy be calculated for the frequency range in which a
speech spectrum is concentrated. The lower limit and the
upper limit of the frequency range in which the aforemen-
tioned speech spectrum is concentrated can be set to 250 Hz
(the lower limit) and 4000 Hz (the upper limit). Here, let us
consider a case in which the presence probability p, of the
power in each frequency bin is the same for the colored noise
and the speech signal.

TABLE 1
Power spectrum s Presence

k Colored noise Speech signal probability p,
1 2 10 0.1

2 1 5 0.05

3 6 30 0.3

4 4 20 0.2

5 1 5 0.05

6 3 15 0.15

7 1 5 0.05

8 2 10 0.1

[Expression 1]

N Expression 1
H= —Z pilogy pi
=M

Note that the presence probability p, is expressed by the
following Expression 2.
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[Expression 2]

Sk Expression 2

When the values of the spectral entropy of the colored
noise and the speech signal shown in Table 1 are calculated
using Expression 1 and Expression 2, calculated results are
both H=2.708695.

In the embodiment, the presence probability is changed by
increasing the value of the power spectrum in each frequency
bin, and thus operating the value of the spectral entropy. More
specifically, a speech segment determination device performs
processing shown by the following Expression 3. Note that k
shown in Expression 3 can take an integer ranging from 1 to
8.

[Expression 3]

- .
S =80, Expression 3

Here, if an increment «, of the power spectrum is set to 30,
the power spectrum and the presence probability after the
above-described operation has been performed are as shown
in the following Table 2.

TABLE 2

Power spectrum s Presence probability p
k Colored noise  Speech signal ~ Colored noise  Speech signal
1 32 40 0.123 0.118
2 31 35 0.119 0.103
3 36 60 0.138 0.176
4 34 50 0.131 0.147
5 31 35 0.119 0.103
6 33 45 0.127 0.132
7 31 35 0.119 0.103
8 32 40 0.123 0.118

In this case, the spectral entropy of the colored noise is
H=2.998151 and the spectral entropy of the speech signal is
H=2.973895. In this manner, the presence probability in each
frequency bin is changed by increasing the power spectrum,
and variation of the presence probability is reduced. When the
same increment is applied, the degree of change of the pres-
ence probability differs depending on the magnitude of the
power spectrum before the above-described operation. More
specifically, the spectral entropy is increased for both the
colored signal and the speech signal by increasing the power
spectrum. However, with respect to the speech signal whose
power in the frequency bin is large before the above-de-
scribed operation, the degree of increase of its spectral
entropy is smaller than in the case of the colored noise. For
that reason, a difference is generated between the spectral
entropy value of the colored noise and the spectral entropy
value of the speech signal.

More specifically, even when there is no difference in the
spectral entropy between the colored noise and the speech
signal, when there is a difference in the magnitude of the
power spectrum, a difference is generated between the spec-
tral entropy values by operating the power spectrum. In the
embodiment, by operating the power spectrum in this man-
ner, the spectral entropy values are operated and the colored
noise and the speech signal are distinguished. Hereinafter, a
configuration of the speech segment determination device
that enables this type of operation will be explained.
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2. Configuration

As shown in FIG. 3, a speech segment determination
device 100 is an information processing device that has a
function of determining a speech segment and a non-speech
segment from the input signal. Examples of the information
processing device include a mobile phone, a personal com-
puter (PC), a game console, a household appliance, a music
playback device, a video processing device, and the like.

The speech segment determination device 100 is provided
with a frame division portion 101, a power spectrum calcu-
lation portion 102, a power spectrum operation portion 103, a
spectral entropy calculation portion 104, a determination por-
tion 105 and a noise power calculation portion 106.

The frame division portion 101 divides an input signal in
units of frames. One frame has a predetermined time interval.
The time interval for one frame used herein is 80 msec.

The power spectrum calculation portion 102 calculates a
power spectrum for each of an analysis length of the input
signal that has been divided into frames by the frame division
portion 101. Here, the power spectrum calculation portion
102 can calculate the power spectrum using a fast Fourier
transform. Further, when the fast Fourier transform is per-
formed, the power spectrum calculation portion 102 may use
various types of window functions, such as a Hamming win-
dow. Note that the aforementioned analysis length is a unit
length for performing the fast Fourier transform.

The power spectrum operation portion 103 increases the
power spectrum values in each frequency bin that are calcu-
lated by the power spectrum calculation portion 102. Here,
the power spectrum operation portion 103 adds the same
value to each power spectrum in each frequency bin so that
the power spectrum values are uniformly increased regardless
of the frequency. More specifically, the power spectrum
operation portion 103 may increase the power spectrum val-
ues in each frequency bin in response to an average power of
noise that is calculated by the noise power calculation portion
106. As described above, when the magnitude of the power
spectrum of the colored noise is different from that of the
speech signal before the processing by the power spectrum
operation portion 103 and the spectral entropy values of the
colored noise and the speech signal are similar to each other,
it is possible to distinguish between the speech segment and
the non-speech segment by increasing the power spectrum. At
this time, it is desirable that the increment of the power
spectrum be large enough to cause a difference between the
spectral entropy values of the noise segment and the speech
segment. The power spectrum operation portion 103 can
determine the increment of the power spectrum based on a
signal-noise (S/N) ratio and noise power. Further, the power
spectrum operation portion 103 may determine the increment
of the power spectrum to be a value that is 15 dB larger than
the average power of noise. Further, the power spectrum
operation portion 103 may determine the increment of the
power spectrum based on the entropy of noise or a predeter-
mined value of a signal other than noise.

The spectral entropy calculation portion 104 calculates the
spectral entropy using the power spectrum whose value is
increased by the power spectrum operation portion 103. Here,
the spectral entropy calculation portion 104 can calculate the
spectral entropy value using the above-described Expression
1 and Expression 2. At this time, it is desirable that the
frequency range used to calculate the spectral entropy be a
frequency range in which a speech spectrum is included. The
frequency range in which the speech spectrum is included is
250 Hz to 4000 Hz.

The determination portion 105 determines whether or not
the input signal is a signal in the speech segment based on the
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spectral entropy value calculated by the spectral entropy cal-
culation portion 104. The determination portion 105 can
determine whether or not the input signal is a signal in the
speech segment based on a magnitude relationship between a
threshold value 0 that is set in advance and the calculated
spectral entropy value. More specifically, the determination
portion 105 can determine that the input signal is a signal in
the speech segment when the spectral entropy value is smaller
than the threshold value 0, and the determination portion 105
can determine that the input signal is a signal in the non-
speech segment when the spectral entropy value is equal to or
larger than the threshold value 6.

Note that the above-described threshold value 0 is deter-
mined based on a maximum value of the spectral entropy that
is obtained theoretically. More specifically, the threshold
value 0 can be a value that is 0.2 percent smaller than the
maximum value of the spectral entropy obtained theoreti-
cally. When it is assumed that M is the lower limit of the
frequency range and N is the upper limit of the frequency
range, the maximum value of the spectral entropy is calcu-
lated by the following Expression 4.

[Expression 4]

Hpo==log(N-M)

When the spectral entropy is lower than the threshold value
0 by a certain amount or more, the determination portion 105
may determine that subsequent several frames are all speech
segments (hangover processing). Specifically, the determina-
tion portion 105 starts counting after it determines that the
input signal is the signal in the speech segment, based on the
magnitude relationship between the threshold value 6 and the
spectral entropy value calculated by the spectral entropy cal-
culation portion 104. An initial value of the count is a prede-
termined value. The determination portion 105 determines
that the input signal is the signal in the speech segment until
the count value becomes 0. Normally, power reduces at the
end of speech, and therefore the detection accuracy of the
signal in the speech segment deteriorates. However, by per-
forming the hangover processing, the detection accuracy can
be improved. The hangover processing is processing that
determines that several frames subsequent to the frame in
which the count value becomes 0 are all speech segments. A
condition to generate the initial value of the count may be a
condition that the spectral entropy is lower than the threshold
value 0 by 1 percent or more. In addition, a time length during
which the hangover processing continues can be set to
approximately 500 msec.

The noise power calculation portion 106 calculates the
average power of noise as a value indicating noise character-
istics. The noise power calculation portion 106 calculates an
average power of the power spectrum in the segment that is
determined as the non-speech segment by the determination
portion 105, and thereby calculates the average power of the
noise. Only when the determination portion 105 determines
that the input signal is not a speech signal, the noise power
calculation portion 106 calculates the average power of the
power spectrum in the non-speech segment. Then, the noise
power calculation portion 106 calculates an average from a
calculated plurality of the average power values. The average
value of the plurality of average power values is set as the
average power of the noise. When the noise power calculation
portion 106 calculates the average power of the noise, it
sequentially updates the average power of the noise to the
most recent average power of the noise. At this time, in order
to reduce an influence caused when the determination made
by the determination portion 105 is wrong, the noise power

Expression 4
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calculation portion 106 may update the average power of the
noise only when it is determined that the non-speech segment
continues for at least 100 milliseconds, for example.

The respective structural elements included in the speech
segment determination device 100 according to the embodi-
ment are explained above. The respective structural elements
may be formed by hardware, such as a multi-purpose member
or a circuit. Alternatively, an information processing device,
such as a computer, may execute a program and thus the
information processing device may execute the functions of
the respective structural elements of the speech segment
determination device 100. More specifically, a computation
portion, such as a central processing unit (CPU) included in
the information processing device, may read the program, in
which a processing procedure to achieve the functions of the
respective structural elements is described, from a storage
medium and may execute the program.

Note that the above-described program may be stored in a
remote storage medium that is connected to the information
processing device by a network. The information processing
device reads the program via the network.

3. Operations

Next, operations of the speech segment determination
method according to the embodiment will be explained with
reference to FIG. 4.

First, the determination portion 105 determines whether or
not the spectral entropy value calculated by the spectral
entropy calculation portion 104 is smaller than the threshold
value 0 (step S201). When the determination portion 105
determines that the spectral entropy value is smaller than the
threshold value 6, the determination portion 105 can deter-
mine that the input signal is a signal in the speech segment
(step S202). The determination portion 105 further deter-
mines whether or not the difference between the spectral
entropy value and the threshold value 6 is equal to or more
than a certain value (step S203). When the difference between
the spectral entropy value and the threshold value 0 is equal to
ormore than the certain value (yes at step S203), a count value
necessary to perform the hangover processing is generated
(step S204). On the other hand, when the difference between
the spectral entropy value and the threshold value 6 is not
equal to or more than the certain value (no at step S203), the
processing at step S204 is omitted.

On the other hand, when the spectral entropy value is equal
to or more than the threshold value 6 (no at step S201), then,
the determination portion 105 determines whether or not the
count value is a value other than O (step S205). When the
count value is a value other than O (yes at step S205), the
determination portion 105 determines that the input signal is
a signal in the speech segment (step S206). Then, the deter-
mination portion 105 reduces the count value by 1 (step
S207). Onthe other hand, when the count value is O (no at step
S205), the determination portion 105 determines that the
input signal is a signal in the non-speech segment (step S208).

4. Example of Effects

Here, operational effects when a known input signal is
input to the above-described speech segment determination
device 100 will be explained with reference to FIG. 5 to FIG.
8.

First, referring to FIG. 5, a known speech signal S1 that is
used for experiment is shown. A signal S2 is a signal when the
speech signal S1 includes noise and the S/N ratio is 5 dB. The
signal S2 is an input signal that is input to the speech segment
determination device 100. When the input signal S2 is input to
the speech segment determination device 100, the input sig-
nal S2 is divided in units of frames by the frame division
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portion 101 and a power spectrum for each analysis length is
calculated by the power spectrum calculation portion 104.

Then, the power spectrum value of each frequency is
increased in response to the average power of the noise by the
power spectrum operation portion 103. The power spectrum
operation portion 103 may increase the power spectrum value
in response to the average power of the white noise. A signal
waveform after the spectrum operation has been performed
by the power spectrum operation portion 103 is indicated by
a reference numeral S3 in FIG. 5.

When the input signal is operated by the power spectrum
operation portion 103, the entire power of the input signal is
increased. At this time, the larger the entire power, the smaller
a power ratio difference between respective frequencies with
respect to the entire power. As a result, a difference in the
presence probability of the respective frequencies becomes
smaller, and accordingly, the spectral entropy value becomes
larger.

FIG. 6 shows a change, before and after the spectrum
operation, of the presence probability of each frequency bin
in the non-speech segment. It can be found that the distribu-
tion of the presence probability of each frequency bin is made
uniform by the spectrum operation. FIG. 7 shows a change,
before and after the spectrum operation, of the presence prob-
ability of each frequency in the speech segment. Note that, in
FIG. 6 and FIG. 7, the vertical axis represents the presence
probability and the horizontal axis represents numbers indi-
cating frequency bins. When comparing FIG. 6 and FIG. 7, it
can be found that the degree of change of the presence prob-
ability of each frequency is smaller in the speech segment
than in the non-speech segment. Therefore, due to the spec-
trum operation, a difference is generated in the distribution of
the presence probability of each frequency bin between the
speech segment and the non-speech segment. As a result, a
difference is also generated between the spectral entropy
values.

Based on the difference between the spectral entropy val-
ues generated by the spectrum operation, the determination
portion 105 can determine whether the input signal is a signal
in the speech segment or a signal in the non-speech segment.

FIG. 8 shows spectral entropy E1 thatis calculated from the
input signal S2 when the spectrum operation is not per-
formed, and spectral entropy E2 that is calculated from the
input signal S3 after the spectrum operation. In the spectral
entropy E1, the spectral entropy value randomly changes and
a difference in the spectral entropy values is not found
between the speech segment and the non-speech segment. In
contrast to this, in the spectral entropy E2, a difference in the
spectral entropy values occurs between speech segments (I1
to I3) and non-speech segments (other than the speech seg-
ments I1 to 13). The determination portion 105 can accurately
determine the speech segment I1, the speech segment 12 and
the speech segment 13 based on the spectral entropy E2.

As described above, even with the colored noise whose
power spectrum is not uniform, it is possible to achieve a
uniform probability distribution. With respect to the signal in
the speech segment that has larger power than the colored
noise, the degree of change in the presence probability due to
the spectrum operation is smaller than that of the signal in the
non-speech segment. For that reason, the probability distri-
bution of the signal in the speech segment is not uniform. As
a result, even when the difference between the spectral
entropy of the signal in the speech segment and the spectral
entropy of the signal in the non-speech segment is small, a
difference is generated by the spectrum operation between the
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spectral entropy value of the signal in the speech segment and
the spectral entropy value of the signal in the non-speech
segment.

Therefore, the speech segment determination device 100
can accurately determine the speech segment based on the
spectral entropy value. Further, in comparison to the related
art, computation processing that is newly added is addition
processing only. In the addition processing, a fixed value is
added regardless of the frequency. Therefore, it is possible to
improve the accuracy of the speech segment determination
without having a significant impact on an amount of compu-
tation by the speech segment determination device 100. Fur-
ther, the speech segment determination device 100 is effective
for both the input signal that includes stationary noise (col-
ored noise, white noise) and the input signal that includes
non-stationary noise (colored noise), and it is possible to
improve the accuracy of the speech segment determination.

Further, since the speech segment determination device
100 determines a speech segment only using a target frame
for speech segment determination, it can determine the
speech segment in real time. More specifically, since the
speech segment determination device 100 performs determi-
nation without using information (power spectrum etc.) of
past and future frames with respect to the target frame for the
speech segment determination, the speech segment determi-
nation device 100 can determine the speech segment in real
time. Further, since the speech segment determination device
100 does not have to use an identifier that has undergone
learning in advance, there is no need to secure a memory and
computation for learning. Note that, in addition to the target
frame for the speech segment determination, the speech seg-
ment determination device 100 may determine the speech
segment also using a plurality of past frames with respect to
the target frame for the speech segment determination.

Hereinabove, the embodiment is explained in detail with
reference to the appended drawings. However, the present
invention is not limited to the above-described embodiment.
Various modifications are possible without departing from
the spirit and scope of the present invention.

For example, the speech segment determination device 100
may be used as a part of a mobile phone or a video conference
system.

Further, in the above-described embodiment, the process-
ing that performs the hangover processing is explained. How-
ever, the hangover processing need not necessarily be per-
formed. Further, it is needless to mention that a technique
other than the hangover processing may be combined and
used in order to improve the determination accuracy.

Further, in the above-described embodiment, the power
spectrum operation that performs a power operation in a
frequency domain is explained. However, an operation that
increases the power of the input signal in a time domain may
be used. In this case, a power operation portion performs a
power operation by adding white noise to the divided frames
supplied from the frame division portion 101. At this time, the
amount of white noise to be added may be a certain amount or
may be an amount that is calculated based on noise.

The speech segment determination function explained in
the above-described embodiment may be implemented as a
function of a video conference system or of a mobile phone,
for example. The video conference system and the mobile
phone etc. having the speech segment determination function
can output clear speech, by extracting the input signal deter-
mined as the speech segment.

Note that, in the present embodiment, the steps described
in the flowchart may be performed in time series in the order
described. Alternatively, a plurality of the steps may be per-
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formed in parallel. Moreover, when performing the steps that
are processed in time series, the order can be changed as
appropriate.

What is claimed is:

1. A speech segment determination device comprising:

aframe division portion that divides an input signal in units
of frames;

a power spectrum calculation portion that calculates a
power spectrum of the input signal for each of the
frames, using an analysis length;

apower spectrum operation portion that adds a value of the
calculated power spectrum to a further value at each of a
plurality of discrete frequencies;

a spectral entropy calculation portion that calculates spec-
tral entropy using the power spectrum whose value has
been increased; and

a determination portion that determines that the input sig-
nal is a signal in a speech segment if the spectral entropy
has a value that is smaller than a threshold value,

wherein the determination portion generates an initial
value for counting after the determination portion deter-
mines that the input signal is a signal in the speech
segment, and when the value of the spectral entropy
thereafter rises until it is no longer smaller than the
threshold value, the determination portion determines
that the input signal remains in the speech segment until
the initial value for counting is decremented to a prede-
termined smaller value.
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2. The speech segment determination device according to
claim 1, wherein the further value is calculated in accordance
with an average power of noise in the input signal.

3. The speech segment determination device according to
claim 1, further comprising:

anoise power calculation portion that calculates an average

power of noise in the input signal by calculating an
average power of a power spectrum of a signal in a
segment that is determined by the determination portion
not to be a signal in the speech segment,

wherein the further value is a function of the average power

of the noise.

4. The speech segment determination device according to
claim 1, wherein

the determination portion performs counting until the ini-

tial value reaches a predetermined value, and determines
that the input signal is a signal in the speech segment
from when the counting is started to when the predeter-
mined value is reached.

5. The speech segment determination device according to
claim 4, wherein

the predetermined value is zero.

6. The speech segment determination device according to
claim 1, wherein

the analysis length is a unit length when a fast Fourier

transform is used for transformation.
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